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S1. Fitting methods for grazing incidence small angle X-ray scattering patterns.
The detected scattering patterns give information about particle sizes and fractal behaviors. 2D transmission GISAXS images were cut to reduce them to 1D intensity profiles. The profiles were modeled by eqn (S1):
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where N is the number density, P(q, R, ) is the particle form factor, q is the scattering vector, R is the radius, is the standard deviation, V is the particle volume, and S(q, Ipow, , Rh, vf) is the structural factor. The form factor can be decomposed as eqn (S2).   is the difference in scattering length densities between particles and background, and D(R,) is the Schultz distribution for polydisperse size particles:
where R0 is the average radius, and z is the width parameter. F(q, R) is the scattering amplitude of the sphere with radius R, , 4 A spherical shape was modeled for the primary particles because the initial particles are likely too small to be faceted.
The structure factor describes the spatial distribution of the individual particles. As shown in eqn (S3), the structure factor can be decomposed into two hierarchical levels of the large aggregate system composed of small primary particles.
1 Ipowq - is the power law, which explains the fractal behavior of aggregated primary Li particles. 5, 6 Ipow is a factor weighting the intensity contribution S2 from the power law, is the exponent of power law, which is the slope of the power law at loglog scale. S(q, Rh, vf) represents the hard-sphere Percus-Yevick model, with Rh and vf being the hard-sphere interaction distance and volume fraction respectively. For dilute systems, the structure factor is equal to one. 2 The fitted values of R and under various current densities and time lapses were used to calculate the radii of gyration (Rg) of the primary particles, according to the Schultz distribution function given by . 7 The fitted total particle number (N) was in arbitrary units (comparable within this study) because   was an assumed number and intensity was not calibrated using standard samples. To the best of our knowledge, a calibration standard for GISAXS intensity has not yet been developed. 2 Under each current density condition, the distribution of primary particle sizes was determined. The aggregated particle sizes could not be analyzed because the q regime was beyond the detectable range of our transmission GISAXS experimental setting. Although we could not analyze the aggregated particle size, in a log q versus log I(q) plot, the slope of the power law at small q gives fractal information about the aggregated particles. All data analyses were performed with the Igor Pro program (V. 6.22A, WaveMetrics, Inc., Oregon).
The measured intensity of transmission GISAXS comes from the electron density difference with the background. The lower electron density of the deposited Li (ρ = ~0.14 Å ) has a distinct electron density difference between the particles and background, which can be observed from transmission GISAXS measurements. At the initial stage of the electrodeposition process, a solid electrolyte interface (SEI) is produced from decomposition of the electrolyte. 8, 9 The initial SEI S3 layer suppresses further SEI growth by blocking contact between the electrolyte and active electrode surface. . However, the intensity of transmission GISAXS was not changed at these time points. An increased intensity of transmission GISAXS was observed after the voltage reached a flat plateau with a negative potential (Fig. S2) , which is the condition for nucleation and growth by Li electrodeposition.
12, 13
Previous studies of Li-ion batteries using SAXS measurement also showed that observing SEI formation using SAXS is unfeasible, due to the weakly scattering SEI layer. 9, 14, 15 Therefore, the intensity change from SEI layer growth in our measurement can be considered negligible. In Fig. S2 , the potential profiles during Li electrodeposition are plotted for three current densities. Previous studies reported that a potential spike, ηPS, which is obtained from the S7 subtraction of the overpotential at the potential spike from the saturated overpotential, ηOP, relates to the overpotential. 12 The profiles show that the higher current density condition has larger spike peaks. Although a measurement of accurate overpotential value cannot be obtained from this potential spike, the trend of ηPS in Table S1 is consistent with our expectation and observations from transmission GISAXS analyses.
